Aims/Methods-In 30 patients with functional dyspepsia and in 20 healthy volunteers, ambulatory duodenojejunal manometry was performed to examine the interdigestive and postprandial small intestinal motility patterns in relation to symptoms. Results-In the fasting state, the number of migrating motor complex cycles mean (SEM) was significantly lower in patients, especially in patients with dysmotility-like dyspepsia, than in control subjects (3.8 (0.4), 2.6 (0.5), and 5.3 (0.7) cycles, respectively; p<005), due to a longer duration of phase II. Non-propagated and retrogradely propagated phase III activity was more prevalent in patients than in control subjects (48% V 15%; p=0.020). During phase II and after dinner no differences were found in contraction incidence, mean amplitude or motility index. However, 11/2 hours after completing breakfast the motility index was higher in patients at all three recording levels (p<0.05). Burst activity was more prevalent in patients than in control subjects (22% v 6% of the subjects; p=0.003). In 41% of the patients the symptom index was >75%/. Conclusions-These results suggest that small intestinal motor abnormalities, especially during fasting, participate in the pathogenesis of symptoms in patients with functional dyspepsia. Ambulatory manometry of the small intestine is a valuable tool to demonstrate these abnormalities in outpatients pursuing their daily activities.
Patients with upper abdominal symptoms occurring in the absence of an organic cause, designated as suffering from non-ulcer or functional dyspepsia, have been divided into subgroups based on their symptoms: reflux-like, ulcer-like dysmotility-like, and non-specific dyspepsia.1 2 However, evidence of a relation between these subgroups and underlying functional abnormalities has not been shown. 3 4 Previous studies into the pathophysiology of non-ulcer dyspepsia have suggested several functional abnormalitie,, including gastric acid hypersecretion, gastrointestinal motor disorders (Helicobacter pylon associated) gastritis, and duodenitis, psychological and neurohormonal factors414 Gastric emptying and small bowel transit studies, using radionuclide techniques, showed a delayed gastric emptying and small bowel transit, especially of solid food, in about 50% of the patients with functional dyspepsia.4 [15] [16] [17] [18] Stationary short-term antroduodenal manometry, using a low compliance perfusion technique, has demonstrated postprandial antral hypomotility as the major abnormality in these patients.'0 1119 However, studies showing a correlation between delayed gastric emptying, antral hypomotility, and symptoms in patients with functional dyspepsia are lacking. Abnormal small bowel motility in patients with functional dyspepsia has been reported less frequently. Some patients have been reported to lack the interdigestive migrating motor complex (MMC). Other patients showed clusters of high amplitude contractions at a high frequency, so called bursts.10 19 20 It is unlikely, however, that short duration recordings obtained by stationary antroduodenal manometry will provide definitive conclusions about the MMC, because usually only a few complete MMC periods are recorded.
Recently, ambulatory manometry has been developed for longterm studies under physiological circumstances. Studies in healthy volunteers have shown that ambulatory longterm manometry of the small intestine is feasible.21 22 In patients with functional dyspepsia, such a study has never been undertaken. Ambulatory manometry also offers the possibility to assess the temporal association between the patient's symptoms and motor abnormalities. The aim of this study was to examine the relation between the interdigestive and postprandial small intestinal motility patterns and dyspeptic symptoms in patients with (H pylori negative) functional dyspepsia, using the technique of ambulatory manometry.
Methods
Subjects Thirty patients, 17 females and 13 males, aged 39.3 (13.1) years (mean (SD)), were included in the study. These patients were referred to the outpatient gastroenterology clinic of the University Hospital of Utrecht because of chronic unknown upper abdominal symptoms.
The diagnostic investigation of the patients consisted of a physical examination, proximal endoscopy (with prepyloric biopsy for urease test on H pylon), routine laboratory investigations, and an upper abdominal ultrasound study. The entry requirements for the study were the presence of chronic (>6 months) dyspeptic symptoms (nausea, vomiting, heartburn, retrosternal pain, epigastric pain, belching, fullness, or postprandial early satiety), with a mean symptom score for severity >1.5 (see later) and without a known cause. Exclusion criteria were: (a) organic gastrointestinal disease, (b) constipation (defined as straining at stools >25% of the time or a stool frequency <3/week, or both) or diarrhoea (defined as loose or watery stools >25% of the time or stool frequency >3/day, or both), (c) a history of peptic ulcer disease or major abdominal surgery, (d) systemic, metabolic, endocrine, neurological or psychiatric diseases, (e) use of drugs known to influence gastrointestinal motility.
Twenty healthy H pylori negative volunteers served as control subjects (12 women 27 g protein, 29 g carbohydrate, and 23 g fat; Iglo, Utrecht, the Netherlands) with 200 ml water.
The subjects remained fasting until the next morning. They went to bed at 10-11 pm and set their alarm clocks for 6 30 am. At 7 00 am the subjects took a standard breakfast consisting of two slices of bread with margarine and jam (1250 kJ, 6 g protein, 48 g carbohydrate, and 10 g fat) with 200 ml water. Other food items during or between the meals and smoking were prohibited during the study. Event buttons on the portable data logger were used to record the exact times of meals, symptoms, going to bed, and rising. Each subject also kept a diary of activities pursued during the study and of the symptoms occurring during the study using the severity scores described below. The next morning at 11 00 am the catheter was removed after fluoroscopical check of its position. The portable data logger was connected to the computer and the data were downloaded and archived to 3.5 inch diskettes for later analysis.
Signal analysis
The motility patterns were analysed both visually and semi-automatically. The most proximal pressure transducer in the duodenum was used to identify the phases of the MMC cycle. These phases were defined as follows: (a) phase I as motor quiescence starting immediately after the end of phase III, (b) phase III as irregular activity with contractions of >2 kPa occurring at a rate of more than two contractions per 10 minute, (c) phase III as regular, high amplitude contractile activity at a maximal frequency (10) (11) (12) contractions per minute in the duodenum) for at least two minutes at the distal transducer and propagated over at least two recording sites followed by motor quiescence.24 25 The MMC cycles were divided into those occurring between dinner and breakfast (night-time cycles), and those occurring before dinner and after breakfast (daytime cycles). The duration of the MMC cycle was taken as the time interval between the end of phase III in the proximal duodenum to the end of the next phase III. The postprandial period started at the time the meal was completed and ended at the beginning of the first phase I1. 25 Firstly, the motility patterns were analysed visually using commercially available software (Medical measurement Systems, Enschede, the Netherlands). With this program any desired time window can be displayed for analysis and the display also shows the event markers pressed by the subjects indicating all events. After identifying the fasting and postprandial periods, the number and duration of the MMC cycles and the duration of their constituent phases were determined for the total period of the study and for the daytime and night-time periods separately, because of a probable circadion rhythm.23 26 The propagation velocity of phase III activity was defined as the distance between two sensors (cm) divided by the time interval (min) between the onset of phase III at the sensors.21 22 27 The propagation of phase III activity was classified as antegrade or retrograde, when propagation velocity was higher than 1 cm/min but slower than 30 cm/min. Phase III activity was judged to be simultaneous, when propagation velocity in either direction was higher than 30 cm/min. The direction of propagation of phase Ill (antegrade, retrograde or simultaneous) was determined by the computer program. Thereafter, automated quantitative analysis of phase II and the postprandial periods was undertaken using a software program developed in our department. The first step in this analysis consists of the calculation of baseline pressures over one minute periods. This is done by determining, for each of the signals, the minimum pressure within each minute block. Secondly, an algorithm determines, sample for sample, the lowest pressure values in the three individual pressure signals. The resulting data file, of equal length as the individual pressure files, is referred to as the 'minimum curve'. This curve is used in the elimination of artefacts induced by body movements, coughing, and straining. These artefacts occur at all transducers with similar amplitude and identical duration. By means of subtracting the minimum curve from the individual pressure curves these artefacts are eliminated. Thirdly, phasic contractions are detected. A contraction is defined as an increase in pressure exceeding baseline pressure with more than 2 kPa, lasting longer than 2.5 seconds but shorter than 10 seconds. To be accepted as a contraction the time interval between the peak and the peak of the previous contraction has to exceed three seconds. When two closely spaced contractions are detected, with an interval shorter than three seconds, the highest of the two peaks is taken as the actual contraction, the other is discarded. With this procedure a bifid pressure wave is scored as one single contraction rather than two closely spaced contractions. The characteristics of the detected contractions are stored in separate data files. These are used for the generation of schematised plots and for the automated quantitative analysis of motility variables. The contraction incidence ( were calculated for phase II (during a 30 minute period before phase III) and the postprandial periods (for a total period of two hours and for each 30 minute separately). The motility index was calculated using the formula MI= in ((number of wavesX sum of amplitudes) +1).28 In addition, the incidence and duration (in minutes) of both non-propagated and propagated clustered activity at maximum frequency lasting at least 0.5 minutes (so called burst activity) was determined visually and its duration was calculated at the distal channel. 23 29 Assessment ofgastrointestinal symptoms The severity of each of the symptoms nausea, vomiting, retrosternal pain, heartburn, belching, epigastric pain, fullness, and postprandial early satiety was scored daily for one week (0=absence of symptoms; 1 =mild, symptoms noticed only when payed attention to; 2=moderate, symptoms clearly noticed without interfering with normal daily activities; 3=severe, symptoms interfering with normal daily activities). This was done by the patients themselves using a questionnaire. The mean score for each individual symptom was calculated. On the basis of these scores, the patients were divided into the subgroups: dysmotilitylike dyspepsia, reflux-like dyspepsia, ulcer-like dyspepsia or non-specific dyspepsia. Therefore, the mean scores of the symptoms belonging to a subgroup were calculated and compared with the total score of all three subgroups. Patients were considered having a dysmotility-like dyspepsia if the mean score of the symptoms nausea, vomiting, belching, fullness, and early satiety constituted more than 50% of the total score; reflux-like dyspepsia if the mean score of retrosternal pain and heartburn was higher than 50°/O of this total score; ulcer-like dyspepsia if the mean score of epigastric pain exceeded 50% of the total score; and non-specific if none of the mean scores constituted more than 50/o. The relations between symptom episodes, recorded by the event button on the data logger, and motility abnormalities (burst activity, non-propagated, and retrograde phase III activity) were analysed, using two different time windows. The first was a 10 minute time window beginning 10 minutes before and statistical significance by Fisher's least significant difference test. The level of statistical significance was defined as a two tailed probability of <0 05. This level was adjusted to the number of variables tested, using Bonferoni's correction.
c, Results
General characteristics All 30 patients and 20 control subjects completed the study. In one patient the catheter, was found to have migrated back into the stomach during the study and the data of this patient were discarded. Forty three per cent of the remaining 29 patients (n= 13) had dysmotility-like dyspepsia, 17% (n= 5) had refluxlike dyspepsia, and 40°/0 of the patients (n= 1 1) had non-specific dyspepsia. Thirty seven per cent of the patients with non-specific dyspepsia )de (n= 10) had both dysmotility-like and refluxiat like symptoms and 3% of the patients (n= 1) 10 also had ulcer-like symptoms. None of the )de patients fulfilled the criteria for ulcer-like dysws pepsia. The total duration of the study in rd-patients and control subjects was 19.0 (0 1) om and 18-7 (0.2) hours, respectively. ties om Fasting state The number of MMC cycles recorded during the study was significantly lower in patients, especially in the patients with dysmotility-like the dyspepsia, than in control subjects (3.8 (0.4), nts 5.3 (0.7), and 2.6 (0.5) cycles, respectively; ing p=0 048). Absence of complete MMC cycles the was found in 10% of the patients. In the coned. trol subjects, at least one complete MMC cycle the was seen during the study. As Figure 1 shows, ed, the length of the MMC cycles was significantly )ns longer in patients with functional dyspepsia 'les than in control subjects. This prolonged durasis. tion of the MMC cycle in patients with funcips tional dyspepsia was caused by a longer rsis duration of phase II (Fig 1) , both during the vas daytime and night-time period. During phase for II the contraction incidence, mean amplitude, and motility index were not different between patients and control subjects (Table I) . No differences between the groups were found in the duration of phase I and III. A shorter duration of phase I was significantly correlated with higher scores for the symptoms epigastric pain (rs=-4 0; p=0.033), belching (r,=-0 55; p=0.007), and fullness (r,=-0.46; p=0-012). Non-propagated and retrogradely propagated phase III activity was found in 48% of the patients and in 15% of the control subjects; p=0O020). In the patients, 136 of the 170 recorded phases III was antegradely propagated (Fig 2) , 15 retrogradely (Fig 3) , and 19 non-propagated (Fig 4) , compared with 147, 1, and 4 of the 152 phases III in control subjects, respectively (p<0.05). and control subjects (374. 1 (32.4) and 384 (31.2) minutes, respectively). In two patien but in none of the control subjects, not a sin; phase III was observed between dinner ai breakfast. In all patients except one, the po prandial period after dinner had a duration more than 120 minutes. In this patient, pha III activity occurred 34 minutes after the ei of the meal and was associated with symptor of pain and nausea.
No differences were found in the contra tion incidence, mean amplitude or motil index between the groups during the to (two hours) period or during each 30 mini period separately (Table II) . No correlatio were found between manometric paramete and symptoms scored before or during t study.
After breakfast -the duration of the po prandial period was also not different betwe patients and control subjects (1 19.8 (10.8) a] 1 14 (16. 1) minutes, respectively). As Table: shows, no differences were found in contra tion incidence, mean amplitude or motil index during the first 90 minutes after t meal. However, 11/2 hours after completi breakfast the motility index was higher patients than in control subjects (p<0 0' caused by an increase in the incidence contractions. During the second hour after the meal, a positive correlation was present between the contraction incidence and symptoms scored c before the study (r,=039; p=0 044), especially s for pyrosis (r,=0 43; p=0.026).
Burst activity Burst activity (Fig 5) was significantly more L present in the patients than in the control subjects (22% and 6% of the subjects, respectively; p=0.003), both fasting and postprandially. The mean duration of burst activity was also higher in patients than in control subjects (22.3 (6 0) and 4-8 (2 1) minutes, respectively; s p=0010). Burst have the advantage that motility is studied under standardised conditions. However, even in non-ambulatory studies considerable interindividual variability of small bowel motility is seen.25 [31] [32] [33] Theoretically, variability of the manometric parameters induced by physical activity is a limitation of the ambulatory recording technique. However, this technique provides the user with much more manometric information, especially in the fasting state.
Our study was performed in 30 patients and 20 healthy volunteers. The measurement was well tolerated. Only in one patient did the catheter migrate back into the stomach during the study and data analysis was not possible. A computerised analysis program, developed in our department, permitted rapid interpretation and evaluation of the considerable amount of data acquired during such prolonged monitoring.
In patients with functional dyspepsia, defined according to the criteria published by a working party,2 several abnormalities of the small intestinal motor patterns were seen. In the patients, especially in those with dysmotility-like dyspepsia, the duration of the MMC cycles was longer and MMC cycles occurred less frequently than in control subjects. This abnormality might lead to delayed interdigestive transit through the small intestine and to dyspeptic symptoms in these patients. The significantly higher incidence of non-propagated and retrogradely propagated phase III activity in the dyspeptic patients might have similar effects. Clusters of contractions, so called burst activity, were seen in healthy control subjects, but more frequently in patients with functional dyspepsia, both during fasting and postprandially. These bursts seem to be non-specific as they are also found in patients with a partially obstructed bowel, in diabetic patients, and in patients with the irritable bowel syndrome.28 29 34 However, previous reports showed a close temporal relation between burst activity and abdominal symptoms.34 35 Our findings support the existence of such a relation in patients with functional dyspepsia.
In analogy with 24 hour oesophageal monitoring, we used the SI, defined as the number of symptom episodes associated with dysmotility divided by the total number of symptom episodes (multiplied by 100%), to correlate symptoms and motility abnormalities. In addition to a window preceding symptom onset, also a window after the onset of a symptom episode was used. This was done to investigate the possibility that symptoms were the cause rather than the effect of intestinal dysmotility, as it has been shown that motor abnormalities can be induced by stress.36 Symptom induced motor abnormalities were made unlikely by the finding that a motor abnormality occurred only in two patients in the 0/+10 minute time window after the onset of a symptom episode. In eight patients, motor abnormalities occurred in the -1 0/0 window and in 36 patients abnormalities were seen both in the -10/0 and 01+10 window. In view of the prevalence of these motor abnormalities, a coincidence with symptoms seems to be of lesser probability.
In conclusion, our results suggest that motor abnormalities of the small intestine participate in the pathogenesis of dyspeptic symptoms in patients with functional dyspepsia. These motor abnormalities are more pronounced during fasting than postprandially. Variability of the manometric parameters induced by physical activity seems to be a limitation of ambulatory recordings. Ambulatory manometry of the small intestine provides a valuable tool to assess correlations between dysmotility and symptoms in outpatients, who pursue their normal daily activities.
